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M©^fflltJI<D0)j£f&K:A lGaInP36>6fe**2 
>79 F»*BJSfiTStm»K^&l6ii* 1 *.6*i. 

2> 4, 6. ffittJB3*»J:O f *»lfllhJB5©4>!5c<i«> 
±SPS£2 J5» FB 6 4«T59l»*«ffl<SS : ( A 1 , 

Ga 1 . > ),ln,.,P(0<x^l:y«ftO. 5 ) T* 

tc. JbT?7? FJTCttO<x£ 1, rSttltiJO^x 



(a) 



(b) 



(CJ 




Jb8Sf2»5» KB 



nSUDT&tvv FJB. ffiffli. 82a«g©±aBin 
j-7?Fi, * h 7 -< 7$ ©pbpsbswt sis i mmm 
omffltfjatojzzffizmm&oifflBZirvy fh 

JR. .bfiWH \**xm2*v v FJBfc«fcC«We*»IB± 

1©4>& < £ 4>MfB±S5l£ 2 * 5 ? FHi«-r*SR»© 

fifiXS: (Al I Ga I .,),ln,.,P(xtt. 
TgPfciO'igP® 1 . $2 v FJRKfcOTKO <x 
^l.'iSttJBK*jt>'Ctt0^x<l. m^ffiJtQ©±a5 

5©&©fflrt?Jic:£K:£r5£©fii. yW#jO. 5)T-a 

[S83J8S2 ] IWEx©flWi % frae«ffljLJBR::tol>T 

©#**. iwasffiBJcfct^t: «fc o **t»s*#Ji i §aiB© 

C»#H3 ] Buia^MlhH©. : (Al.G 

a,.,) , 1 rw_ Y P (0<x^0. 75. y«&0. 
5 ) r&Sn*®$W». 3 0 0 AOTCD*©ft)i-C*-5 

st&i i * fcw 2 teis©¥i«* U — !f . 

*6&S3^W*B*£/*/T?&Ssf#JS 1 . 2 *fctt3IB 
*©3**»U-if. 

[000 1] 

tttm*jfll>fc ^Itft**»ft u — if KMT 
[0002] 

[fE*©8»] {b^^fW&£Jf^fc¥«<$U--1f 
3&&&Jdi£Wr&¥«ttB©fltB«: 

tfcfc&W**. -e©e{c^ft^x^^ a ^S^P> 

K*)iii3tatfft6&^3W. £j£tt©ffia>6jr?:. ^©@ 
tt»4>&(,»KC 1/fcC ittfcu. m&vkt 3 s©2ttt§ 
HfiSfilfi. -T&fcfc. UIMVttB&ttjliftgl/fe*. 
4*t?(C. fc*2@$x>>**SfifiK^*6!R0Hi-r© 

*J-»Wt?*4)W. 2@©a^&Sfii«©#-ciM'£ 

-f- ^r-^"^ ^"^ £*>22» xu^Fp-2 
* (IEEE Journal of Qjantum Electronics) 2 71, 
386-51. 199 1^6/§. 149 1~1496H (fel 
T. £itt£t>5) «>. #§3¥4-2 1 89 9 3<t&«K 

H#J& © £0 3 te J: O'B 4 (CTjrT . 

[000 3] 035*. mila^KlBlS^tifc*)©-^ n 
iGaAslfi2 l©_h(C. nSAlGaInP^77 

FB2 2. nS, p §{£ fctt > > F — 7'© G a I nPffi 
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&B23. p §2 A 1 G a I nP?77 KJB 2 4 , niG 
a A s ^z£P!±JI 2 5 &M£Bm 3 ti. ^-©©^ . 

m&itm 2 5 znmbxmif ? *? fb 2 4 ©*hks 

3 6K^©±fC. pSA 1 Ga I nY>%iiA F 
»26. pSAlGaInPi'7-;l ; 127, pSIn 
GaP!28. p^GaA s=i>£* F12 9. AuZ 
n/Auli3 0*5. JUiKfSJlSft. SIKAuGe/ 

a urns 3 i*5sw?.n-c, *aw*u— "fauna stir 

10 i^s 0 

[ 0 0 0 4 ] S/c. ftWM - 2 1 8 9 9 3#&fBKE 

C©H4Kffl«S*lfc#^H*U— !fK*J(r>'Cli. n§£G 
aAsl!4 l©_hit. nlAlGalnP^^yh'i 
4 2. Gal nPrSfflf4 3. pSAlGaInP?7 
?FB4 4. pMGa I n Pi7f>W F y7'J14 
5. plA 1 I nPMDC#Ji4 6. nSGaAsSSfe 

mMAiiim-mm^ix. •*©«. &t%i!HjtJi4 7 

£KHDC#JI4 6£#3»£x ; ,?>^;*ft. Ufa 
20 X^>^h?'7'14 5(DlI(Cl5Xh7>f7'tt(D 
SfeW&SStli. «S6K*©±K. pSAlGaAs± 
»*77FB48. pIGaAstt-;7'i49 1 Cr 
/Au^i5 0*i, IB^tStBSti. WAu/Ge/ 

n i m®5 i *iswe.nri^„ 

[0005] 

[#S93#)8&U<J:5<t-fSff!jB] C©<fc 5 &!£*©¥« 

A s ft i**ffll»)li:tt*l»o#©||fiRS«FK P H 3 #Z<D 
30 SHSWJTTSKiaJS^lf 4 iGaAs ©^E*5^{t 
U. P^^tfA 1 Ga I n P©¥gftlS B B B B£&$f&if§ 

[000 6] *fe*RjRd#<ct»-C*ffli;ii*«llli*fe 
fc-g&fc&CCK. S%llikJB(CA l©fifilt©**l»fe 
©. ?ci^.tfAl I nP*ffilW4C&*JS*U»*i. 
SB!l5-r4a2Km3ti4J:5{CA l©fiatfc^*l» 
i. -e©±*Cfl^fiTSA 1 Ga I n P©&Jff&«gg# 

itstir. *a«*u— tf*iKH-r*«*i,>©i*a»jfw 

40 [0 00 7 ]*»M»C©<fc9ftraH*j|?ftL. 

U— !f©SSh BWCci£cr«llEll±HK4*©J: ^ fttm 

*jm>fc«*c»rfc. rtgpx h^-r^sws^iih®© 

Jf«K:A 1 G a I n P*6iEtS»2 *5 » FJB*BfiR 
[0008] 

tSSH*W*-r4fc«>©^S] *I6WKJ:4^«:U- 
tf«. W 1 ^SM©G a A s 3S«±CC, W 1 3WS©T 
g^^-v FJ1. ffitfejg. IB2**S0±S»li'^» F 
50 JR. ^ h7-Y7-tt©pgpg|5^WTSIWl^m^©m8SPl 
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mZftXKK), ms&TWrv FB. iSttJi. ±«»1 

mmj&^tv'j fib tsrr *»#©&*#. 

5S: (A l.Ga,.,) , I n,.,P (xtt. T«sJ:0 ! ± 
S$l. *2f5j FHK*rt>TttO<x£ 1. rSttJf 

(&bt>rtt0 ^ x< 1 . m®l±Jf ©±SP!I2 *7 -7 F 

■ £8*SS#fc*jiAt»0<x£0. 7 5©&«3 

•cmct tcifiS.e>&. yitmo. 5) -c&sftsffc^a 

^NW*T?l*«3tl4. 10 

[0009] cocmimwM. m2mmmtit. nm 

fl^©p SSfcBnSj^ 2 **SW*SC 

a. 

*>fc1*S©fcjff*U». 

[ 0 0 1 1 ] *fc. Wffl±m£#t bT©ffl*r**» 

o©s^T?a«i/*»-f <-r «»ffljkH©. £ 20 

(A UGa,.,) r I n a . v P (0<x^0. 7 
5. yitmo. 5) T?&3ti*a$$Mi. 3 0 0AUTF© 

[00 12] 3 3t»iR«te*fcfc-e4tl>5B» 

[0013] til©«^' tftcj:*i«. m®l± 
JB©<t>ft< <b4>«±ffi#. (Al.Ga,.,), 
In 1 .»PKfcl,>t0<x^O. 7 5-C&6A liSil&£ 

#r*¥»ft*6ttSi(f^«JiKLri>sfc«E>. uss 30 
ffljhJi*x»*>^ufc*i. -e©±fcw^ssnsx 
+^+iWi©tSfitt3W«n. *fc. *©Wfi5fi** 

ftH#©A lttJ£fea>&»)£&fcj^44©£tt»). •€• 
♦liCfcoT. 1$tt©fttlfc^|ft:U— !fs&Jjt6n4. 
[0 0 1 4] *fc. «JJi©JP3*3 0 0AWTtr* 
C i (c <fc 0 , HM&±tt£ft©W $ © 1 / 1 0 «Ti & 

0, «aiHih)iibT©iajf*i5t^Ki»*ai3! , r£:t 

<>&<. ^NW*u-!f*KM-r4IS©eSK*siE*Ji. 
[0015] 

mm<omm<DBm] -^k. *#»H©*ijw*u— y© 40 
-mmmimmmmbw^mm^smt^. mi 

(a) - (d) », #fcW©^{*U-1f©»l©£» 

[ 0 0 1 6 ] II 1 ( a ) ©Igrti. in 1 asssra 
.6. fcifcfcfnSG.a A slSl ©affile. nS (A 1 
! Ga I . ! ),ln 1 .,P (0. 4£s£ 1. 0. yim 
0. 5-C. GaAsS«£J&?«£#4*iStfc$-C* 
4. «T. y©aw*S«r4. ) T8P*5 v FH2 
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s = o. 5. uraasfti x i o"/ 

cm', ffSttl. 2(tm, Se F — 7") , 
*fcttnSS4>L<ttpS©A l.Ga,., I nP (O^u 
SO. 4. u<s) j£fflI3 u = 0. /IS 

ftO. 07nm) . S^S^ST?**. fciiSpSA 
l.Ga,.. I nP±SP®l 25? FB4 (fciA'tf. s 

= 0. 5. i/riteem x 1 o^/cm 3 . ws^j 

0. 2 Mm. Be F-7') . niA 1 I nP$ lttiftll 
lk@5 a (fc£*.tt\ *+'J7lgg2xl0 l Vc 
m\ J3SJS0. 3 Mm. SeF-^). niAI.Ga 
,-tInP ( 0 < t ^ 0. 7 5) *2«Sli±Ji5b 
(fc£*.«. t = 0. 5. **U7i*a8B2xi 0"/ 
cm 3 . WSiftO. 0 3ym. SeF-^)©§M, 
MOVPE (Wfi^JPlSvfBxt: : metal organic 

vapor phase epitaxy) ££~C, HOlEnSG a A s W&L 1 

[0017] *»H©¥SH*U--!ftt. -tSP^ 1 » 
FJi 4 1 fc<fcf>'!& 2 «%KBjhH 5 a . 5 b £#■€■© 
x*jp=Fw?> F+> ? :/ja*tSttH3©x*;M^wJ> 
F¥tt>:7J:9*ai»tm-CJ&fc3*vC<,»4. *s-rs 
C £ K <fc 13 1 2 5 * F» 4 *>*fflBihJI 5 Kfetf 
4*©«iR*l»±t?#Sfc«>. &»£#±tf-&C£# 
TtS. iW-A>Ft> ^^"©^t^M^iur 
B. 4^fttl/rAl I Ga 1 . I InP4ffll,^[l Al 
©M1*£b^x#;*£^gx*jl,+--->>-c> F+> 

*#<*4fc«). »es*. SfcrSffiiibTira© 

A I.Ga... I nP*lH4i*, A l I nPft£*©A 
l©iBfilt©^*t>fc©*flWB-rSCi*iT**. 

[0018] osftc. Hi(b) ©xsrtt. comm. 

*JSfi£*»6Bl0tHU 7 * F l^* FlfTC. fctA 
tfifift3 ymOvxi'^$->*Mtr, c©*It?S 
***iB*'6i9^>f l/. ±95^1 F«4(c% 
-r*^F7-/^tt©SJ*^litrS. C©t*. 
^jgiL/T. fci^.«HC 1 : H 2 0= 1 : 2 (2 5 
•C) Z&mb. ft3 0»i7f>m. &fci-;f> 
^jSlJCOHC l*©fl&K. HCliHNOiiHiO© 

[0019] *«WK*»t>rtt*«EffiJfcH©A 1 mi 

±3»1 FB©A l«liRJ:»)*#l»fc«>. ^ 
lK5Vff s -jf*>6»36»'5J:5K % M?tPfl±®©jlJRx 

[0020] -r&fc-ip. ^nc^jgo. coi-^> 

^>^«cJ:oraffi36J»HJ-r*±a»l FHtcj* 

Lr©as?it3ftJi ofi<*s©T. g^K. B^tti 
fiacc® o /cfg®©*^ u — if en ^> „ 

[002 1] 

[an 



(4) 
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m l 

(AljGaj-j^g In^P^Ojn „ f- (T = 25t) 



\^HC1 : H 2 0 


1 : 1 


1 : 2 


1 : 4 
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600 A/^ 


0 A/# 


0 A/# 
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1600 A/# 


60 A/# 




0.5 


10800 k/ft 


900 A/# 


150 A/# 


0.75 


5 ft tn&_k/& 


83O0 k/ft 


1600 k/ft 


1.0 


5 j« m 




12300 A /# 



[0 02 2] ~?%IC> mi (c)©Igt«. U^h 
JI10©|&£. m&Zm-C. t©*ffi£WaMOCVD 
iiKiAL. pSA l.Ga,.. I n P_kS$gl2 ? 

k@6 (fci^.« t s=o. 5. ttyriSftixi 

C'/cm'. Wl. 0/im, BeF-^), pIG 
aAs + t^l? (tct%.i£. *+»;Tiia^2Xl 
O'Vci', IfSftl. 6 Aim) *±Bi(C|SiilSfi-r 

[0023] *#fe«#6tt«i!Ha±JH5±Kit**^ 20 



^-rs/c&is^^s^/c^^ ^is±jf ©a i igfsx 
(a l.Ga,.,) i nPtfBkfi&vzm-cnj&mzn 

K. (Al t Ga,. t ) I nPiMO (A l.Ga,.,) I 
n P©ffl$fill$©iSSttK t ^ 0 . 7 5 v$>tittmm°] 
m-C. S6K#*L<ttt £0. 
[0024] 
[*2] 
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0.2 
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0.75 


1.0 
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0:50 
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0.75 
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[0 0 2 5] Sfc. *8HUt»5©JS3tt. ++'J7ii 
K£SS<-rSt £&Cj:9. 0. 2um~0. 4ymtit 

«ws< -racial*. an*/j^<-r*ci*i'ctr 

a©£ffoWtt8W/Mt»B eipiH-'O hiLTffl 40 
WciKJint. ff9itt,fc<. ffittftfWE©***!* 

[0 02 6] 3 6CC. *2Mirtt. x » f- > j£ 
^-C^f-^/cabi©. WJ&filfiB^c, mWftt^XA 1 
Gain PS©¥&ftrGaA s^©#jgtk&*&l>© 

±ifsc ^©esgwm&jecer. 



(CH 3 C,H,) .Betftffil&B*^ fcix. 
tf. GaA s©xffSgf«. 6 0 0-6 

5 o°c-c&* + «;7«Ktt«^£3tfb&i&a>-3fc. c 

4ltt. ^©i^Zn^pSK-JOhiltffflt 
S/c&K. (DMZn) £&fflU/t«* 

[002 8] *«{C. HI (d) OIITtt. BfffBnS 
GaAs3S«l*:Sffi*>e>ffl»U 01(c) *r©x 

s-cc©sfi i ©siitcaHsnfc^aiftfii*^^^ 

{*©JI2£«13:6 0 Mmlgit5„ ■€-©©%. C©g 
«n©affiK. fcatfTi/Au. 8ffi&C. fc&iltt 
Au/Ge/N i©«H*M--5 7**S8. 9£^ft 

[0029] o^fC. ^W©****!^— !f©»2©|| 



(5) 

7 

»K*iW4^NM*l/— !ftt. ±8©!fU©JIS£§£. #g 
*$«). 02(O}(,>T«01 <b*flS-rSgl^K:«|5H;#^ 

[00301E2 ( a ) ©igr». mimmmvib 

£. fct/UinMGa As2&l©ilffiK:. nS (A 1 
,Ga,.,) , I n,.,-P (0. 4^s^l. 0. yitfo 
0. 5?, GaAs»«i«Hf«^3Witl4it*t?* 10 
«T. y©f&S*«Wr*. ) T9*5j KB 2 

(fciAtf. s=0. 5. * + UTjftBDfil x 1 0"/ 
cm 1 . flESftl . 2Mm. SeK-7"). y>K-:/ 
SfcttnlfcKttpSOAl.Ga... I n P (O^u 
£0. 4. u<s) }gttJB3 (fci&tf. u = 0. JSS 
#J0. 0 7/zm) . m2^«S-C*-5>. /ct^tfpSA 
1 ,Ga,., I n P±95^1 £7 ? KH4 (fc£;Uf. s 
= 0. 5. 'JTilS&l x l O'Vcm 1 , 
0. 2 Mm. Be K-7') . nIA 1 ,Ga,_, I n P 

(0<p^0. 75) $l«HlBJtJI5a (tctXitp 20 
= 0. 75. * + Vrmmz x 1 O'Vcm 1 . jf£ 
#j0. lMm. SeK-7"). ng(Ga A sf&2®&lfi 
jtS5b (* + UTigS^5x 1 O'Vcm', JlSifo 
0. 2/xm. SeK-7*). nSA l.Ga,., I n P 

(0<q^0. 7 5) 83*ifclHifcJi5c (tcttLiia 
= 0. 5. *+';76§K2x 1 O'Vcm'. 
0. 0 3 urn. S e K-7') ©§/i£. MOVPE (W 
^^M^f&i £ 5? + : metal organic vapor phase ep 
itaxy) &T. sulHnSG a A s 1 IcftTm&ZG 
?m£%&l&&Sit&. 30 

[003 1 ] oSfK. 02 (b) ©IgTH:. C©Sfi 
^f&gMfreffiOttiU. 7* r KXgf. fci* 
l#®ift4 (jm©7^J'Aji->?:i6j(t5 1 i-;f>y 
jfcitT. fc£*«HC 1 : H 1 0= 1 : 2 (2 5'C) 
ft3 0»i7?>yi/T. ^3«iSlfl±e5 

^©■C, offCC. H,SO,JRi!»^>^«*fflt»4. £ 
2mflgffi±15 b5r^*Lfc©%. Wg. HC 1 : H, 
0-1:2(2 5°C) 0»J» ?>^U. 9 

1 Hifcllji:! 5 a *»tt«K|$i T 4. 40 
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[0032] «T. Sf? 1 ©ff5!i£l5lGl*lS©Ig ( c ) 
(d) KOfctfoT. ¥m&\/— C©!&2© 

HJB&aKfc^-Cfc. C© (c) ©Igr. ±spm2^ 
KH6£j&g3tt£<i#. flffltcGaAstf^UBU 

^lifA l.Gaj., I nPtSfcntt^Or. PH 3 

#X#BM©4>ir8g&fi£±tf5C<h#-C*. 

«»iiiii©£{bMi@C&&l>. *©fc«>. &*7&&iUtE 

[0033] 

[&W©$M£] *jf6i»KJ:titf. SHUIICC#l9!Dj& 
S>tHtig£#U fittft«»©1*tt3&JiL6<i*A 1 I nP 

at*© a i <amwk<o&\.>tm*wm&mt txm^ 

£¥#i*U-1fK:4sl,>rfc. A 1 G a I n Pjg^WMS 
[ 0 0 3 4 ] § 6fc. m&ttfWLWmi: btc&dxm 

T©Ga A siitCA 1 Ga I n PJR$f8*«Jlt/Tl»4 

tab. W(£gB$Cc^aAs#S&ilffiK&tfit!-1*PH 3 

#*#ffl«©T-esg£±#?s *r i>mfo$m&i%ftz> 

ft*. IBfcWKA 1 Ga I nPS*f(*?:Il>fc^ 
U-tf©{**^Ki. GaAs^msfePiUtlftpKAft. 
-€-©±*U l.Ga,., InP (0<q^0. 7 5) t?H 
fcft£C£(CJ:9. JS*3^£«B*il8©*H*-f:/ 
©Bfflfeft**tt b -If # *. £ n & . 
[l9iS©ff#&3HII] 

[0 1 ] *IHIi©*»ftu— «f©01 ©fStt©J&«*i! 

[02] *«w©*»*u— y©*2©na5«#»*ii 

[03] £f*©*«ttU-1f^T»rffi^BJ0-C*5„ 

[04] fi£3tj©«!©*as»u— yifrstmwmnm-cb 
a. 

1 G a A s Wfc 

2 ToB^7 ? KS 

3 xmm 

4 ±$mi95y Kg 

5 magffijt® 

6 JjffiS2*77Fi 



